In addition, the effect of guideline adherence on clinical outcomes is unknown. This study examines the management of candidemia at our institution including the impact of infectious disease (ID) consultation and recommendations according to the 2009 guidelines.
Methods

Study design
A single-center, retrospective, review of candidemia was carried out at our Veterans Affairs (VA) Medical Center which is an academic teaching institution with 357 acute care beds, a 40-bed spinal cord injury center, rehabilitation, geriatric unit, and an on-site ID consulting service. Non-neutropenic patients who had >1 blood culture(s) that were positive for a Candida species between July 1, 2009, and June 30, 2013, were identified using Theradoc ™ , a clinical surveillance system that is integrated with the VA computerized patient record system. Electronic medical records were retrospectively reviewed to collect the following information: Patient demographics, Charlson comorbidity index at the time of hospital admission, 10 diabetes mellitus (defined as controlled [hemoglobin A1c <7.5%] or suboptimal [hemoglobin A1c >7.5%] according to institutional policy), use of broad-spectrum antibiotics for ≥7 days in the preceding 21 days before positive blood culture, previous antifungal use, presence of Clostridium difficile infection confirmed by polymerase chain reaction during hospitalization, and presence of Candida spp. in any site other than blood at any time before positive blood culture for Candida spp. The following data were collected as of the day the first positive blood culture was obtained: Presence of a central venous catheter (CVC), medical unit where the positive blood culture was taken, use of total parenteral nutrition, and immunosuppressive drugs and hemodynamic clinical status. Data collected once blood cultures yielded Candida spp. or afterward included initial antifungal agent chosen, loading dose (if applicable), maintenance dose, renal function with azole dose adjusted for renal insufficiency (<50 mL/min and adjusted for body weight when appropriate), time to initiation of antifungal after confirmation of candidemia, management of CVCs, consultation with ID service, time to follow-up blood cultures, and consultation with ophthalmology service for dilated eye examination.
Patients were excluded from the study if: (1) They were not hospitalized at the time of the positive culture confirming candidemia was present; (2) they were neutropenic; or (3) if the result of the positive blood culture was reported after the patient had expired or was discharged. The study was approved by the Institutional Review Board and the Research and Development Committee at our VA Medical Center before patient enrollment.
Study objectives
The primary objective of this research was to assess adherence to the recommendations from the 2009 IDSA update for the treatment of candidemia. Only non-neutropenic patients were categorized based on the severity of their disease into two groups according to IDSA recommendations defined as follows: mild-moderate disease (hemodynamically stable with systolic blood pressure ≥90 mm/Hg, Group 1); and moderatesevere disease (hemodynamically unstable, with systolic blood pressure <90 mmHg or stated as hemodynamically unstable by attending physician, Group 2). Patients who had previously been treated with azoles were stratified to Group 2.
Outcomes
The adherence to IDSA guidelines for management and treatment outcome was assessed for each treatment group. The primary outcome was the extent to which pharmacological and non-pharmacological recommendations from the 2009 IDSA guidelines update were observed. Pharmacological recommendations included a selection of an appropriate initial antifungal, use of a loading dose (where indicated) and correct maintenance dose. Non-neutropenic patients with mild-moderate disease (Group 1) are recommended to receive fluconazole, anidulafungin, caspofungin, micafungin, amphotericin B deoxycholate, or lipid formulation of amphotericin B with appropriate loading and maintenance doses. Non-neutropenic patients with moderate-severe disease (Group 2) are recommended to receive the same therapy as patients with mild-moderate disease with the exception of fluconazole because of the greater risk of infection by an azoleresistant Candida spp. Full adherence to IDSA recommendations was defined as correct initial antifungal, dose, and duration of therapy. Variance from IDSA guidelines was defined as incorrect initial antifungal, dose, or duration of therapy. The dosage was deemed correct if patients received the correct loading and maintenance doses adjusted for renal function when appropriate.
Non-pharmacological recommendations included the correct duration of therapy and removal of a CVC when appropriate. The IDSA recommends that patients receive 14 days of antifungal therapy after the first negative blood culture to document clearance of candidemia.
Secondary outcomes were to assess the impact of adherence to guidelines on patient outcomes. Patient outcomes included assessment of resolution of signs and symptoms of infection and all-cause mortality. The additional secondary outcomes assessed all-cause mortality at 6 weeks with regard to ID consultation, CVC removal, and the following IDSA recommended performance measures: Antifungal therapy initiated within 24 h and follow-up blood cultures drawn within 48 h of initial positive culture.
Statistical analysis
Descriptive statistics were used to evaluate patient background characteristics. Two-tailed Chi-square (or Fisher's exact test, when appropriate) and Student's t-test were used to assess for statistical significance. Statistical significance was assessed at α = 0.05.
Results
Patients
Of 106 patients with >1 positive blood culture for Candida between July 1, 2009, and June 30, 2013, 94 patients met eligibility requirements. The most common cause for exclusion was non-treatment (n = 10), either because they had died before the positive blood culture was reported, or because of a decision not to treat due to palliative care status. Two neutropenic patients were excluded from the analysis (Table 1) .
Candida species
Of 94 Candida isolates during the study, 36 (38.3%) were C. albicans, and 29 (30.8%) were C. glabrata. The numbers
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Primary outcomes
In the 94 patients who were treated for candidemia, initial treatment was with an azole in 48 cases (fluconazole in 47, voriconazole in one case) or with an echinocandin in 44 cases (micafungin in 26, anidulafungin in 14, and caspofungin in four cases). No patient received amphotericin B as initial therapy. Four patients did not receive antifungal therapy; the reason for non-treatment is unclear.
Adherence to IDSA recommendations for initial antifungal therapy was correct in 79 of 94 (84%) patients. Correct drug and dose were, however, chosen in only 34 of 94 (36.2%) patients. When the recommended duration of therapy was also considered, adherence to guidelines was only 16 of 94 (17%). Similar trends were observed for patients with mild to moderate (Group 1) or moderate to severe (Group 2) disease. As shown in Table 3 , in Group 1, adherence to IDSA recommendations for initial antifungal was correct in 52 of 54 (96.2%) patients. the demonstration of candidemia (Table 4) . Catheter removal was not significantly associated with a reduced mortality rate (P = 0.13 for Group 1; P = 0.67 for Group 2) ( Table 4) . 37 of 94 (39.4%) patients underwent ophthalmological examination after confirmation of candidemia, 87 of 94 (92.6%) patients had initial antifungal therapy started within 24 h of confirmation of candidemia and 54 of 94 (57.4%) patients had a follow-up blood culture within 24-48 h of initial positive blood culture (Table 4) .
Discussion
Our results indicate strikingly low overall adherence to IDSA guidelines in the treatment of BSI due to Candida species at our VA Medical Center. The major changes in the 2009 update were the inclusion of the echinocandin class of antifungals and the stratification of patients into non-neutropenic versus neutropenic with a focus on risk factors for resistant Candida spp. Two previous studies have shown similar failures to comply with recommendations with 2004 guidelines, but to our knowledge, no study to date has assessed adherence to the 2009 guidelines or the impact of adherence on clinical outcomes and mortality. 5, 11 Patel et al. found that 76% of patients were treated in accordance with 2004 guidelines. 11 A prospective observational study conducted by the prospective antifungal therapy alliance that considered initial antifungal choice, dosage (with loading and maintenance, when appropriate) and duration of therapy found a similar 76% adherence to guidelines. 5 That study did not include dosage adjusted for renal function. Accordingly, we considered adherence to include the correct initial antifungal drug and correct loading and maintenance doses with appropriate adjustments for renal function and at least 14 days duration of therapy after first blood culture negative for Candida spp. This may partly explain the low rate of guideline adherence in our study.
During the 4 years of this study, 46% of patients received an azole as initial therapy, and 42% received an echinocandin. Furthermore, low adherence may have been due to patients not receiving loading doses, receiving lower than recommended loading doses or dosing that was inappropriate for renal function. In addition, follow-up blood cultures, an important component of therapy recommendations, were not done in 28 patients. The 2009 IDSA guidelines recommend echinocandins as an initial option for all patients with candidemia regardless of risk for resistant species. The validity of this recommendation was borne out by the finding that 30% of isolates at our institution were C. glabrata, which has either dose-dependent susceptibility or resistance to azole antifungals. Some additional benefits of echinocandins compared to fluconazole include the lack of need for dose adjustment for renal function, standard dosing (not based on weight as for fluconazole or voriconazole) and improved activity against azole-resistant Candida spp. Micafungin also has an added benefit of not requiring a loading dose. These benefits can all lead to improved adherence to dosing recommendations and possibly improved outcomes. Although we did not compare azoles and echinocandins directly, echinocandins have been shown to have an advantage over fluconazole for the treatment of candidemia and other invasive candidiasis. 12, 13 Comparison of clinical outcomes and mortality rate in Groups 1 and 2 showed no significant association between removal of CVCs and improvement of clinical outcomes or reduced mortality. Patients received CVCs for the administration of total parenteral nutrition, vasopressor therapy and/or hemodialysis which may have made it less feasible to remove catheters even in the setting of candidemia thus affecting the assessment of clinical outcomes and mortality. The IDSA recommends CVC removal especially for non-neutropenic patients with documented cases of candidemia if possible, but controversy exists regarding this recommendation. 14 Consultation with an ID specialist has been shown to be beneficial in the management of infections resulting in improved outcomes and reduced mortality. 15, 16 An experimental study of the potential role for pharmacists in improving adherence to guidelines showed that time to appropriate antimicrobial therapy for fungal infection was significantly reduced, but in-hospital mortality and hospital costs were unchanged. 17 The higher mortality rate seen in Group 1 may have been due to delayed consultation of ID specialists by the primary service, as these patients were not considered as ill as patients in Group 2. A larger study assessing ID consultation may be warranted to further assess clinical significance.
There were several limitations to this study. First, this was a retrospective, observational chart review study which might not be used to demonstrate cause and effect, only associations. In addition, drug and dose received and duration of therapy are limited to chart documentation. Furthermore, since a majority of VA patient population is elderly, Caucasian and Black/African American males, this study may not represent the general population. Finally, the sample size studied may have been small. Because the primary objectives assessed adherence to IDSA guidelines, we aimed to maximize the number of patients enrolled.
Conclusion
In summary, our study shows that the rate of adherence to published IDSA guidelines for treating patients with candidemia was low at our institution. Although adherence to initial antifungal recommendations was appropriate, adherence to recommendations for dose and duration of therapy was suboptimal and most suboptimal in the sickest group of patients (Group 2). Adherence to recommendations was similar for C. albicans and non-albicans candidemia. However, mortality rate was lower in patients whose treatment adhered to IDSA guidelines compared to those whose treatment did not. The results of this study have been used to help educate healthcare providers and create protocols for better antimicrobial
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